a slightly elongated C =C bond is found by X -ray diffraction.
Introduction
E nam ines are very im p o rtan t reagents in o r ganic synthesis [1] , C onsequently, a large volum e of literature has app eared on these substances. The m ajority of papers is dealing with tertiary e n a mines since these are readily available and often used reagents [2] , M uch less is know n ex p erim en tally about prim ary enam ines. This is m ostly due to the instability of these species, with regard to imine ta u to m e r form ation, unless stabilizing elec tron w ithdraw ing substituents are p resent [3] .
We have recently described a class of stable p ri mary enam ines that are therm odynam ically fa vored over any of their ketim ine tau to m ers [4] . The l,6-diam ino-l,3,5-hexatrienes are readily available by m eans of an organom etallic tem p late reaction, w here (b utadiene)zirconocene [5] is 1,4-selectively coupled with tw o alkyl-or arylcyanides, and the resulting m etallacycle then hydrolytically cleaved u n d er controlled conditions to give the corresponding prim ary enam ines in high yield and purity [6] , A therm ochem ical estim ate and calculations point to diene conjugation as being the cause for the therm odynam ic p referen ce of the conjugated enam ine over the imine ta u to m e r in the 1 ,6-diam ino-l,3,5-hexatrienes [7] . The therm odynam ic stability of this class of com pounds [8] has allow ed us recently to characterize two exam ples of these * R eprint requests to Prof. Dr. G. E rker. conjugated prim ary enam ines, nam ely 1 ,6-diam in o -l,6-di-tert-butyl-and -l,6-diphenyl-l,3,5- hexatriene, by X-ray crystal structure analyses [4.7] .
This has provided a basis for an extended struc tural study, first results of which are presented here, aim ed at experim entally assessing the struc tural consequences of electronic delocalization of the enam ine nitrogen-lone pair with the enam ine carbon-carbon jr-system in such simple systems, that are undisturbed by any additional stabilizing electron-w ithdraw ing substituents present at the carbon fram ew ork.
C alculations of the parent vinylam ine [9] have predicted a close to negligible structural effect of m esom eric nitrogen-lone pair delocalization. The theoretical analysis [10] estim ates a C=C bond lengthening of only 0.0085 A by conjugation of a coplanar am ino group in ethenam ine (and less, if the am ino group is substantially pyram idized [1 1 ]), w hereas a C=C bond length identical to th at of ethene is expected when N -C = C conjugation is com pletely absent in the case of the respective perpendicular planar conform ation. Since these predictions to our knowledge have not been ex perim entally verified, we have prep ared and struc turally characterized a suited derivative of one of our 1,6-diam ino-l,3,5-hexatriene systems w here the perpendicular conform ation was sterically en forced, and com pared its structural features with that of the undisturbed parent planar conjugated prim ary enam ine system. For a com parison we 0932-0776/96/0700-1053 $06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved.
N have also characterized a closely related stabilized prim ary enam ine by X -ray diffraction. A com pari son of the structural features of these selected alkenam ines has revealed th at there may be a m ajor structural difference betw een prim ary enam ines therm odynam ically stabilized by conjugated diene delocalization and the attachm ent of electronw ithdraw ing substituents, respectively.
Results and Discussion
To our know ledge there have only three struc tural investigations of sim ple prim ary enam ines, that do not contain stabilizing electron-w ithdraw ing functional groups, been published so far. O ne is of the basic p aren t com pound, vinylam ine; but this electron-diffraction study did not provide structural d ata of sufficient accuracy to be in cluded in this discussion [9, 12] , The rem aining two structures are of the conjugated prim ary enam ines 1 and 2 , th at w ere p rep ared by our m etallocene tem plate m eth o d (see above). The bis-rm -butyl su b stituted 1,6-diam in o -1,3,5-hexatriene (1) [7] contains a p lanar central fram ew ork and a slightly pyram idalized nitrogen center. The C l -N bond length is 1.393 (2) A, and there is a pronounced bond altern atio n in the adjacent conjugated poly ene chain. The C 1 -C 2 bond is short (1.333(2) Ä ), the C 2 -C 3 bond long (1.437(3) Ä ), and the central C 3 -C 4 bond again short (1.332(3) A ). The conjugation characteristics of the polyene chain can be expressed by the two characteristic differ ences of adjacent double and single bonds (see Table I ). For the conjugated prim ary enam ine 1 they am ount to A x ~ A 2 ~ 0.104 A. 1,6-D iam ino-l,6-diphenyl-1,3,5-hexatriene (2) [4] also shows a p lanar carbon fram ew ork, includ ing the phenyl substituents, to that pyram idal 
am ino nitrogens are attached. The C l -N bond in 2 is only m arginally shorter than in 1 , but the con jugation inside the carbon fram ew ork appears to be m ore p ronounced (A x = 0.088, A 2 -0.081 A ).
For this study we have exchanged the hydrogen atom s of b oth -N H 2 groups of 2 by bulky trim ethylsilyl groups and determ ined the structural im pli cations resulting from this change. The silyl groups were in troduced in a tw o-step reaction sequence. T reatm ent of 2 with two m olar equivalents of the bulky base sodium hexam ethyldisilazide (5) in tetrah y d ro fu ran at 0 °C gave a dark-violet colored solution, that probably contained the dianion sys tem 6. Its reaction with M e3SiCl gave the bis-silylated product 7 (isolated in ca. 50% yield). Subse quent d ep ro to n atio n with tw o equivalents of 5 gave a red solution, treatm en t with trim ethylchlorosilane eventually produced the tetra-silylated e n am ine 3, that was isolated in 24% yield. Single crystals of 3 w ere obtained from ether at -1 8 °C that w ere used for the X -ray crystal structure analysis.
Schem e 1. S tructures o f the four prim ary enam ines com pared in this study.
The tetra-silylated enam ine 3 exhibits a m uch longer C l -N bond ( 1.435 (2) A ) than the prim ary enam ine 2, as expected. The m ost n otable stru c tural feature of 3 is that the S i -N -S i plane is o ri ented alm ost norm al to the plane of the co n ju gated carbon chain (dihedral angles S i-N -C = C : 102.6(2)° and -7 5 .9 (2 )°, see Fig. 1 ). The attach ed conjugated carbon system is planar and contains an alternating system of double and single bonds th at is alm ost identical to that of the parent com p ound 2. In com pound 3 the C"=C^ double bond, th at bears the (M e3Si)2N-group, exhibits a bond length of 1.350 (3) Ä. The adjacent C,j-C y linkage is 1.436 (3) A, and the central C :'=C'^ bond 1.347 (4) Fig. 1 . Two views of the molecular struc ture of 3 (with unsystematical atom num bering scheme). Ä , with the corresponding CC bond lengths of 2 being 1.356 (2), 1.437(2) , and 1.349 (2) A. Thus, the C =C and C -C bond lengths differences observed of 3 ( J , = 0.089 A, A 2 = 0.086 A ) are nearly iden tical as of 2 (see Table I ). The phenyl substituents in both com pounds 2 and 3 are orien ted close to coplanar with the central hexatriene system, the corresponding C l-C (p h e n y l) bond length [5] in 3 (1.483 (3) A ) and 2 (1.480(2) A ) are identical.
We conclude th at attachm ent of four bulky trim ethylsilyl groups at the enam ino nitrogens of 2 has resulted in a close to p erpendicular relative o rien tatio n of the hexatriene system and the am ine-substituent plane in 3. We thus have a pair of closely related enam ines at hand (2 and 3) that are only essentially different with regard to the o rien tatio n of the occupied /7-orbital at the n itro gens relative to the carbon jr-system. In 2 the ni trogen lone pairs are set for conjugated interac- 
Sym m etry transfo rm atio n used to gen erate equivalent atom s: -x + 1 , -_y+l, -z + 1. tion. in 3 th eir conjugation is precluded by the perpendicular orientation. N evertheless, our ex perim ent has revealed that the influence of either orien tatio n on the structural properties of the central conjugated polyene system is negligible. B oth the in-plane and the out-of-plane com pounds exhibit basically identical structural features of the central carbon fram ew ork. This is in accord with the predictions of the theoretical analyses m en tioned in the introduction. The m agnitude of struc tural variation brought about by am ine conjuga tion in these simple unfunctionalized prim ary enam ines is very small, w ithin the accuracy of the usual m ethods of X -ray crystal structure d eterm in ations as applied here, this effect is beyond the experim ental significance. W hether n-^-n conjuga tion is chem ically significant will be investigated using sim ilar pairs of enam ine systems. We have extended this structural study to an o th e r sim ple prim ary enam ine, that, in contrast to the com pounds 1 -3 , shows stabilization of an electron-w ithdraw ing functional group. This sys tem proved to behave differently.
The system we included in this structural study is the stabilized prim ary enam ine 4. We had p re viously described its synthesis [6b]. It was p re pared in the usual way by adding two m olar equiv alents of (2-pyridyl)acetonitrile 1,4-selectively to bu tadiene zirconocene. S ubsequent controlled hy drolysis directly gave com pound 4 in good yield. In 
Sym m etry tran sfo rm atio n used to g en erate equivalent atom s: -x + l , -_y+l, -z+ 2. In a different, and m aybe m ore general view the systems p resen ted in this study m ight possibly serve as a n o th e r set of exam ples expressing a p rin cipal tendency for structural bond altern atio n in conjugated carbon-;r-system s. In a cu rren t discus sion th ere is increasing th eoretical [13] and experi m ental evidence [14] th at the D 6h sym m etry of the parent arom atic com pound, benzene, is reflecting a p ronounced pro p erty of the a-fram ew ork that overrides the tendency of the ;r-system for bond lengths altern atio n (favouring D 3h-sym m etry). In the acyclic conjugated enam ine exam ples 1 -3 overriding a-effects are likely to be absent, that could counterbalance the structural features caused by the jr-system -and, hence, sw itching on and off the additional nitrogen conjugation has no structural relevance for the central linear six ca r bon system as changes in the a-system are not involved. This m ay be slightly different in the case of 4. w here the prim ary enam ine seem s to be p art of a plan ar six-m em bered cyclic system by form ing a hydrogen bond b etw een the enam ine -N H 2 group and the pyridyl nitrogen. C onsequently, the o b served relative lengthening of the C a= O j enam ine double bond m ight eventually reflect a general feature introduced into the system by specific p ro p erties of the ensuing < 7-fram ew ork. C learing this point on a sound experim en tal basis w ould be of im portance for the general discussion going on about a d ifferentiation of o-and jr-effects in a n um ber of im p o rtan t co njugated organic systems. Such w ork is currently being carried out in our laboratory.
E xperim ental Section
The prim ary enam ines 2 [4] and 4 [6b] w ere p re pared as recently described by us in the literature. The d ep ro to n atio n s and silylation reactions w ere carried out in an inert atm o sp h ere (argon) using Schlenk-type glassware. For these reactions solvents w ere d ried and distilled u n d e r argon p rior to use. For additional general in form ation includ ing a list of sp ectro m eters used for ch aracteriza tion see ref. 8. 3.15 (br. s, 2 H, N H ), 5.95 (m. 2 H, 2-H and 5-H ) , 6.68 (m. 2 H. 3-H and 4-H), 10 H, Ph) 112.5 (C2 and C5) , 125.7, 127.6, 128.1, 128.5 (C3, C4, and Ph) , 142.5, 143.6 (C ipso, C l and C 6) A nalysis for C32H 50N 2Si4 (551.08) Calcd C 65.39 H 9.15 N 5 .0 8 % , Found C 64.88 H 9.15 N 5 .21% .
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